A total of 314 patients exhibiting symptoms consistent with a viral disease provided, during the early stage of hospitalization, at least one specimen from a peripheral site (throat or stools or both) and a serum specimen in order to evaluate the neutralizing immunoglobulin M (IgM) antibody response in acute-phase serum in comparison with virus isolation for the rapid diagnosis of enterovirus (EV) infection. IgM antibodies were fractionated by ion-exchange chromatography and tested by seroneutralization against the various types of EV that have been recently circulating. A total of 189 patients (60%) were negative, and 21 (7%) were positive by both methods; in 51 patients (16%), a virus was isolated without IgM antibody response; 53 patients (17%) showed the opposite pattern. In all age groups except for children under 6 months, the frequency of positive results was higher with IgM serology than with virus isolation (27 and 22%, respectively). Apart from meningitis, for which isolation was more efficient, the other clinical conditions were associated with similar percentages of positivity by both methods. Regarding the 21 cases with positive results by the two techniques, the same serotype was detected in 9 cases and different serotypes were detected in 12, suggesting crossreactivities. Thus, IgM neutralizing antibody response on acute-phase serum appears to be of limited value in the rapid diagnosis of acute EV infection but may prove useful for the investigation of the wide range of chronic diseases associated with EV.
The conventional diagnosis of enterovirus (EV) infection includes the isolation of the virus and a significant rise of antibody titer on two successive sera collected immediately after the onset of symptoms (acute-phase serum) and a few weeks later (convalescent-phase serum) (17) . Since this diagnosis is long and cumbersome, alternative methods based on immunoglobulin M (IgM) serology have been developed with a wide range of techniques. Surprisingly, there are very few studies on the effective value of this serology for the routine diagnosis of EV infection compared with conventional methods (1) . We previously described a simple and rapid method of serum fractionation suitable for the determination of neutralizing IgM antibody on a large number of sera (18) . In this study, 314 hospitalized patients with symptoms consistent with an EV infection were investigated to evaluate the diagnostic value of IgM serology on acute-phase sera compared with that of virus isolation. Results showed that these two different diagnostic approaches are not equivalent. The type specificity of the IgM serology is also discussed.
MATERIALS AND METHODS
Patients and samples. A total of 314 patients (195 males, 119 females; age range, 0 to 79 years; mean age, 12.5 years) hospitalized in Saint-Etienne during the course of 1986 were included in the study; they exhibited symptoms consistent with an EV infection on admittance. During the first 5 days of hospitalization, each patient provided at least one sample from a peripheral site (stools or throat swab or both) for virus isolation and an acute-phase serum sample for EV serology. A second serum sample, taken at least 8 days after the first one, was available from 153 out of the 314 investigated patients.
Enterovirus isolation and typing. Isolation attempts were made by inoculating two tubes of human diploid lung fibroblasts (P2002 line; Flow Laboratories, Asnières, France) and two tubes of KB cells. Diploid fibroblasts were used for their susceptibility to echoviruses and some coxsackie A viruses since KB cells were chosen for their ability to support growth of coxsackie B viruses and also of a few echoviruses. Culture tubes were kept for at least 10 days before being considered negative; when an enterovirus-like cytopathic effect was noticed, subcultures were made and the viruses were typed with intersecting pools of hyperimmune sera (Statens Seruminstitut, Copenhagen, Denmark) according to the Lim-Benyesh-Melnick scheme (12) ; in some cases, the identification was achieved by neutralization with a specific monovalent antiserum.
Separation of IgM antibodies. Antibodies of the IgM class were separated by ion-exchange chromatography by a previously described technique (18 either a poor specificity of the IgM test or an etiological relationship between these manifestations and EV infection.
Results according to serotype specificity. As illustrated in Fig. 2 , there was a striking discrepancy between the types obtained by virus isolation (mainly E4 and E11) and the type specificity of IgM antibodies detected by the IgM neutralizing assay on acute-phase serum (mainly CA9 and E7). A total of 21 patients (7%) were simultaneously positive by the two tests; from these 21 cases, only 9 showed IgM antibodies directed against a serotype corresponding to the isolated virus (Table 3) . Furthermore, IgM antibodies were detected against two or more different serotypes of EV in 19 of 93 cases with positive IgM serology (20%) ( Table 3) .
Results in patients with paired serum specimens. A second serum specimen, available from 153 out of the 314 patients, acted as a control for the EV-neutralizing serology during the convalescent phase. A total of 19 of these specimens exhibited a significant rise (fourfold or more) of total antibody titer for at least one serotype. Of these 19 rises in antibody titer, 16 (84%) were correlated with virus isolation and 7 (37%) were correlated with IgM antibody on acutephase serum. Only four patients were simultaneously positive in all three tests ( paired serum specimens is less surprising, since the subjects with high levels of antibody in the acute-phase serum are unlikely to exhibit a further rise in antibody titer.
DISCUSSION
As a whole, the results suggest a poor correlation between the two methods, since discrepancies were observed in about one-third of the cases (Table 1) . Many factors may be postulated to explain these differences.
In the situation involving a positive culture without early IgM antibody, it can be stated that either a transient viral carriage, as suggested by culture-positive cases without a rise in antibody titer in paired serum specimens (Table 4) , or a delayed response of IgM antibody production at an early stage of the infection was responsible. The delayed antibody response was particularly obvious in the first months of life, as illustrated by the lack of results of IgM serology compared with virus isolation at this age. Similarly, in acute enterovirus infections, such as meningitis, IgM antibody response in the acute-phase serum was often deficient ( Table 2 ). The study of Bell et al. (1) has already underlined the possibility of negative IgM antibody response in sera sampled within the first 2 days of hospitalization in aseptic meningitis.
In the opposite situation (positive IgM serology without virus isolation), two explanations may also be invoked. First, the relative difficulty of obtaining some serotypes of EV in cell culture (e.g., CA9) is well known, especially, as in this study, when only two different lines are used for virus isolation. Moreover, the neutralizing effect of antibodies (mainly specific IgA) present in the gut was recently emphasized (24) . Second, we lack documented information about the mean duration of the IgM response. A few cases from our experience showed a persistence of the IgM antibodies for several months; similarly, other studies reported IgM persistence for up to several years (2, 5, 13) . Thus, it is very difficult to precisely define the effective beginning of an EV infection on the basis of a single positive serum for IgM serology, as illustrated by the low correlation observed between the presence of IgM antibodies in the first serum specimen and the rise of total antibody titer on two successive serum specimens (Table 4) . These findings can also explain why the seasonal recrudescence of EV infections in summer and autumn was not obvious when studied by IgM serology (Fig. 1 Another feature pointed out by this study is the poor specificity of the IgM serology on acute-phase serum specimens with regard to the serotype isolated by cell culture (Fig. 2) and the relatively high rate of polyspecific responses exhibited by IgM serology (Table 3) . Besides the possibility of coinfections with two different serotypes, another explanation lies in the expression of an anamnestic response to a serotype implicated in a previous EV infection a few months or years earlier, which is a well-known fact in infections with other families of viruses, such as Myxoviridae (16) . In fact, young children with fewer EV infections give a more specific response than do older children or adults (18) . Heterotypic responses were mainly observed with immunogenic serotypes such as CA9 and E7 (Fig. 2) . The problem of heterotypic IgM antibody responses in EV serology has been recognized for many years and arises with all of the available techniques: neutralizing antibody and 2-mercaptoethanol treatment (21) , immunodiffusion (22) , indirect (4) and capture (1, 9) enzyme-linked immunosorbent assays, indirect (23) and capture (19) radioimmunoassays, countercurrent immunoelectrophoresis (15) , and immunoblotting (14, 20) . Thus, it was not surprising to observe a high rate of heterotypic response with our IgM neutralizing antibody assay, especially since we tested sera taken at an early stage of the patients' hospitalization.
The poor correlation between the data provided by virus isolation or rise in antibody titer (or both) and the IgM neutralizing antibody assay indicates that this test is of limited value for the purpose of a rapid diagnosis, especially in young people and in the course of acute EV infections, such as meningitis. However, associations between previous infection with EV and chronic pathology have been increasingly suspected for a wide range of diseases (e.g., immunodependent diabetes mellitus [7, 9] , cardiac diseases [6, 10] , postviral fatigue syndrome [3, 24] , glomerulonephritis [8] , etc.). The IgM neutralizing antibody assay described in this paper may prove useful for investigating such pathological conditions for which large numbers of serum specimens are required. Complementary studies on the duration of the IgM antibody response would also reveal interesting features about the physiopathology of these chronic EV infections.
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